To investigate changes in the size of the deep and super cial venous systems associated with gender, age, body mass index and varicose veins, changes to the cross-sectional area of the femoral and the long saphenous veins were analysed in the Duesseldorf=Essen civil servant study population. Between December 1989 and July 1993 a total of 9935 employees were recruited; 9261 were then evaluated for this analysis. Diameters of the long saphenous and femoral veins were determined 2-3 cm distal to the con uence in lying (after 15 min rest) and standing (after 5 min) positions. Cross-sectional areas (CSA) were calculated. A total of 63% of all people were assigned to CEAP (clinical, etiological, anatomical pathophysiological) class 0, 27% to class 1, 8.5% to class 2, while 1.5% belonged to higher CEAP classes. In people without varicose veins (CEAP class 0) the CSA of the femoral and long saphenous veins were smaller in females than in males. In people with a normal body mass index (BMI) (20-25) the mean CSA of the femoral and long saphenous veins in a standing position was similar from the third up to the sixth decade of life. The volume increase due to a standing position expressed as the absolute increase in CSA of the femoral and long saphenous veins was not age-related, either. The relative volume increase expressed as a ratio remained unchanged with age. There was a strong relationship between the CSA of both veins and increasing BMI. In a lying position, the CSA of the femoral and long saphenous veins increased only slightly with increasing CEAP classes. In a standing position, the CSA of both veins increased even in CEAP class 1 (p < 0.001). In a stepwise multivariate regression analysis, the CSA of both veins in a standing position was not age-related but associated with BMI, CEAP classes and gender. The absolute increase in CSA was in uenced by all four variables, but BMI and gender were most important.
Introduction
Although the venous system of the leg is anatomically divided into a deep and super cial system, functionally it is one unit. Both systems communicate with each other by means of perforating veins and through the con uence of the long and short saphenous vein. Age is a determinant of varicose veins and the correlation between the prevalence of varicose veins and age is almost linear. [1] [2] [3] [4] [5] [6] [7] In European and North American populations the prevalence of varicose veins is around 25-33% in women and 10-20% in men. It increases with age in both genders: from about 3% and 20% in males and females, respectively, in their 30 s to nearly 40% and 50% , respectively, in those over 70 years. Aging may be associated with an adaptation of size and elasticity of the deep and super cial venous systems predisposing for varicose veins. 8 Physiological adaptations of vein size and volume increase associated with the standing position have been insuf ciently described.
Age-related increases of venous size may be caused by a loss of elasticity in the venous wall and may predispose for varicose veins. Moreover, in patients with varicose veins, the deep venous system is affected. [9] [10] [11] An enlargement of the deep veins has been described in patients with varicose veins. 12 Recirculation of blood through insuf cient venous segments and perforating veins may be one mechanistic explanation for this. A systemic defect in the venous wall texture involving the deep and super cial veins can also be supposed. Venous diameters are directly associated with venous incompentence. The average diameter of incompetent long saphenous veins was 2 mm wider than that of competent saphenous veins at the femoral junction. 13 To investigate changes in the size of the deep and supercial venous systems associated with gender, age, body mass index (BM I) and varicose veins we analysed changes to the cross-sectional area (CSA) of the super cial femoral vein (SF V) and the long saphenous vein (LSV) in the Duesseldorf=Essen civil servant study population.
Population and methods
This cross-sectional prospective study was conducted in the population of civil servants in the G erman cities of Duesseldorf and Essen. F rom December 1989 to July 1993 a total of 9935 employees were recruited; 9261 were then evaluated for the diameter analysis (F igure 1).
All volunteers were clinically examined and were asked to ll out a questionnaire (17 items, 11 of which referred to the various system). A sonographic determination of the diameter of the LSV and the SF V was performed. Clinical examinations were performed by trained investigators in rooms kept at a constant temperature while the volunteers were standing. Clinical ndings regarding the veins were differentiated into four classes adapted to those used in the Basel study 14 : (1) no varicose veins at all; (2) small cutaneous veins (SCV) only; (3) reticular veins; and (4) trunk varicose veins (any varicose veins of the small and=or large saphenous veins or their side branches). Nowadays the CEAP classi cation system is more common. The clinical ndings were therefore adapted to CEAP classi cation 15 (a) class 0-no visible or palpable clinical signs of venous disease; (b) class 1-small cutaneous and=or reticular veins; and (c) class 2-varicose veins. Additionally, clinical signs of chronic venous insuf ciency such as edema, trophic skin changes, hemosiderosis or prior or active ulceration were documented. These signs assign affected persons to CEAP classes 3 to 6. Etiologic and anatomic classi cations were based on the questionnaire in combination with clinical ndings to identify secondary varicose veins and involvement of the deep veins.
F unctional measurements and investigation of re ux were not done.
Sonographic investigations were carried out with D ornier equipment type AI 2000, using a 7.3 M Hz linear transducer. Sonographers were not blinded regarding the clinical examinations. Diameters of the LSV and the SF V were determined 2-3 cm distal to the con uence in lying (after 15 min rest) and standing (after 5 min) positions. Prior studies have shown that variation coef cients for repeated measurements of long saphenous diameters at rest and during valsalva maneuvers in the same segment varied between 3.3% and 16.4% . 16 F or further analysis, CSAs were calculated according to a study from Jeanneret et al, which showed that calculated CSAs strongly correlate with measured CSAs. 17 Thus, calculation of the CSA from the diameter values should not falsify the results of this study. F or each volunteer only data from the side showing larger areas were used. Volume increase due to a shift of blood from the central veins to the venous system of the legs in the standing position was estimated either as an absolute increase in CSA (CSA in the standing position minus CSA in the lying position) or as a ratio (CSA in the standing position minus CSA in the lying position divided by CSA in the lying position).
Population
Of the volunteers 57% were male and 43% were female. The results of the clinical examination are shown in F igure 2. A total of 63% of the volunteers (mean age: 41 10 years) were assigned to class 0 according to the CEAP classi cation, 27% to class 1 (mean age: 46 10 years) and 8.5% to class 2 (mean age: 49 9 years) and 1.5% (mean age: 52 8 years) belonged to higher CEAP classes. The prevalence of higher CEAP classes increased with age in both men and women.
Statistics
The association between the CSA in the standing and lying positions was calculated using the correlation coef cient (Spearman). U nivariate analyses were performed for each CSA and the different factors, i.e. age and gender, using the location and scatter parameters and the unpaired Wilcoxon Test.
In a multivariate regression analysis associations between the changes in venous CSA dependent on gender, body mass index (BMI), age and CEAP class were calculated.
To ensure data quality, a re-analysis was performed after excluding data collected by the investigators, of the smallest and largest diameter values, respectively.
Results of the univariate analysis

Age
In people with CEAP class 0 the absolute CSA of the LSV and the SF V increased slightly with age (F igure 3). The correlation coef cient between the CSA in standing and lying positions was rˆ0.75. In normal weight people (BM Iˆ20-25) the absolute volume increase due to a standing position expressed as the absolute increase in CSA of the SF V and LSV was not age-related (Table 1 ). The median of the relative volume increase expressed as a ratio of the CSA also remained unchanged ( Table 2) .
Gender
In females the CSA of the SF V and LSV were smaller than in males (F igure 3). When changing from a lying to a standing position the absolute volume increase of the SF V and the LSV were smaller in females.
BMI and age
There was a strong relationship between SF V and LSV CSA and an increasing BM I in people with CEAP class 0 (F igure 3). The overall effect of an age-related increase in CSA of the SF V and LSV in both a lying and a standing position was predominantly due to an agerelated increase in BMI. As F igure 4 shows, in people with a normal BMI, the mean CSA of the SF V remained unchanged with increasing age. The CSA of LSV also did not change with age in people of normal weight.
CEAP classes
The CSA of the SF V and LSV in the lying position increases only slightly with increasing CEAP classes (F igure 3). In a standing position, the CSA of both veins increased even in the CEAP class 1 (p < 0.001 for CSA in CEAP class 1 vs. class 0). When looking at normal weight people, only the relative volume increase of both veins associated with the standing position did not change with increasing CEAP classes ( Table 3) .
Results of the multivariate analysis
The stepwise multivariate regression analysis showed that the CSA of both veins in the standing position was not age-related but associated with BM I, CEAP classes and gender. The lack of an age effect was in accordance to the ndings described above ( Table 4 ). The absolute increase in CSA of both veins was in uenced by all four variables, but BMI and gender are more important than CEAP classes and age. Males showed larger increases of CSA than females, the same was true for obese people compared with normal weight people. The relative CSA increase associated with a standing position varied most strongly with CEAP classes for the SF V and most strongly with BMI in the LSV. R elative increases in CSA of both the SFV and LSV are in uenced by age.
D ata re-analysis, after excluding data collected by the investigators, of the smallest and largest diameter values con rmed the results after the multivariate analysis.
Discussion
This study shows that aging is not necessarily associated directly with an increase in venous CSA of the deep and super cial venous system. The age-related increase in BMI was the most important determinant for an increase in CSA and volume in the standing position. Varicosity of the super cial venous system was always associated with similar changes in the deep venous system. With increasing CEAP classes the CSA and, respectively, volume increase of the deep venous system associated with a standing position increased remarkably even in people in CEAP class 1.
In contrast to data concerning the risk of varicose veins, data about diameter and CSA in people with CEAP class 0 are sparse. Venous diameters and CSA values measured in our population are comparable to the literature. [17] [18] [19] [20] In healthy people, there is usually no difference in vein diameter between the right and left leg, 20 whereas varicose veins are frequently more extended on one leg. As signi cant differences in the prevalence of varicose veins on the left and right had not been demonstrated, 21 we decided to include data from the leg with the larger CSA only. There was a continuous increase in CSA in the lying and standing positions from the third to the sixth decade of life. In the seventh decade, we found a slight decrease in CSA. This effect might be related to the small number of people included in this age group or a selection bias toward still working healthy people. However, such a decrease was reported by others for the diameter of the common femoral vein after the sixth decade (12.14 mm to 11.61 mm). 22 Although the association between obesity and the occurrence of varicose veins was demonstrated in several population-based studies, the importance of BM I in people with CEAP class 0 has not been so systematically described before. 5, 6, [23] [24] [25] In F ramingham, the difference in incidence of varicose veins was statistically signi cant in women only, with an excess risk of 33% . 23 A relationship between obesity and varicose veins in women was found in the Jerusalem community report 7 and in the Basle study 14 even when allowance was made for variation in age. This association was not found in men after correcting for age. It was suggested that obesity acts as a promoter of varicose veins rather than a true primary risk factor. 21 The more recent Tampere varicose vein study reported the results of a multivariate logistic regression analysis and found an association of obesity and varicose veins in both genders with an odds ratio of 1.2 (95% CI: 1.1-1.4). 26 Our nding that the CSA of the SF V and LSV as well as the volume increase in the standing position was not agedependent in BMI-adjusted age groups shows that age-related changes in venous wall structures cannot be generally assumed to promote varicosity. In interpretation of the CSA data presented, physiological pressure and volume changes have to be kept in mind. Orthostatic stress promotes translocation of thoracic blood volume into the compliant venous system of the legs, buttock and pelvis in humans. 27, 28 This rapid uid shift reduces central blood volume and represents a substantial cardiovascular stress, as re ected in re ex increases in heart rate and sympathetic nerve activity. 29 Thus age-related changes of blood volume, sympathetic activity and venous compliance reciprocally affect CSA of the venous system. In total, 70% of the blood volume is located in the venous system and total blood volume decreases with age. 30 Obesity as determined from height and weight only cannot distinguish between muscular and obese subjects. Thus a speci c differentiation of CSA and varicosity for different forms of body stature cannot be given.
In varicose veins alterations of the vessel wall have been proven to occur before valve changes. 31, 32 Such structural alterations affect the complete venous system and in part the arterial system-and not only the varicose veins. 33 Table 2 Relative volume increases associated with the standing position expressed as a ratio of cross-sectional area of the super cial femoral vein (SFV) and long saphenous vein (LSV) are shown for people with normal BMI (20) (21) (22) (23) (24) (25) Enlargement of the deep veins in people suffering from truncal varicose veins has been described before. 34, 35 This enlargement was de ned as secondary insuf ciency induced by volume overload due to truncal varicose veins. This deep venous valvular incompetence of primary, nonthrombotic origin has received little interest compared with secondary, post-thrombotic incompetence. When using D oppler examination on both limbs of 308 patients with varicose veins, re ux was disclosed in 3.5% of the 'normal' limbs, in 20.6% of limbs with untreated varicose veins and in 42.9% of those limbs with recurrent or residual varicose veins (p < 0.001 compared with that in 'normal'' limbs) 9 . Another study on 356 limbs with primary varicose veins revealed femoropopliteal venous re ux in 17% , super cial femoral venous re ux alone in 12% and popliteal venous re ux alone in 16% . These ndings were obtained regardless of the presence of LSV re ux. 36 In accordance with the literature our study showed a continuous increase in the CSA of the SF V and LSV with increasing CEAP classes, but it is the rst study to show CSA changes of both veins in people with CEAP class 1 already. It remains unclear as to how far reticular veins and hyphenweb veins really precede CEAP classes 2 and 3 because clinically these CEAP classes do not necessarily develop in increasing order. Our ndings of enlarged SFV and LSV and increased volume uptake in the standing position, even in CEAP class 1, may be the missing link. It shows that people with this venous disorder are different from people with CEAP class 0, probably due to structural venous wall alterations.
In addition, the enlargement of the SF V in CEAP class 1 people suggests that primary deep vein insuf ciency begins early and is part of the varicosity. Primary varicose venous insuf ciency always includes a steady increase in CSA of the super cial and deep venous system. This might explain the nding of deep vein insuf ciency regardless of the presence of LSV re ux. Table 4 P-values of the stepwise multivariate regression analysis including the variables BMI, CEAP class, age and gender are given for the cross-sectional area (CSA) in the standing position, the absolute increase in CSA and the relative increase in CSA associated with the standing position separately for the super cial femoral vein (SFV) and the long saphenous vein (LSV 
